Introduction
Being overweight or obese rises the risk for other health problems such as insulin resistance (IR) and impaired glucose tolerance, hypertension, dyslipidemia, or atherosclerosis which are all classified as a components of cardiometabolic syndrome. The prevalence of obesity and cardiometabolic syndrome is high in both genders (Beigh & Jain, 2012) ; however, men have been underrepresented in weight-related trials. As suggested by Tsai, Lv, Xiao, and Ma (2015) , improving overweight and obesity prevalence in men requires increased male participation in weight loss research. Thus, finding any mechanisms that promote better tissue response to insulin activity in men deserves high priority in clinical research.
According to the International Society of Aesthetic Plastic Surgery, liposuction is one of the most frequently performed plastic procedures worldwide. Immediate removal of fat excess may lead to metabolic consequences, which have been widely studied in recent years. As suggested by many authors, liposuction could be a viable method not only for aesthetic purposes but also for increasing the efficiency of insulin and improving tissue metabolism, especially when combined with regular 674841J MHXXX10.1177/1557988316674841American Journal of Men's HealthGibas-Dorna et al.
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1 Poznan University of Medical Sciences, Poznan, Poland 2 Mandala Beauty Clinic, Poznan, Poland exercise and proper diet (Giugliano et al., 2004 ; González-Ortiz, Robles-Cervantes, Cárdenas-Camarena, BustosSaldańa, & Martínez-Abundis, 2002) . Contrary to these results, a number of studies reported no or even diverse effects of liposuction on metabolic profile (Klein et al., 2004; Weber, Buckley, Fried, & Kral, 2000) . Conflicting findings about abdominal liposuction and its metabolic effects may result from noncohesive study populations (gender, patients' lifestyle, obese vs. overweight patients, comorbidities, etc.) , small number of study participants, different experimental methodologies (follow-up time, different methods measuring insulin sensitivity, etc.) and different types of liposuction procedures. Thus, the current data cannot bring a clear evidence suggesting that liposuction itself results in important metabolic outcomes, and on the other hand, the possibility that liposuction may serve as an additional strategy for rapid restoration of impaired metabolic profile cannot be completely excluded.
The current study was designed to investigate metabolic consequences of ultrasound assisted liposuction (UAL) using a Vibration Amplification of Sound Energy at Resonance (VASER) System that is minimally invasive, selectively destroys fat cells (FC) localized deeply below the superficial subdermal fascia and is the best known alternate to traditional technology. The authors examined whether abdominal liposuction affects insulin sensitivity and adipose tissue derived hormones involved in maintenance of metabolic homeostasis in overweight males. To the authors' knowledge, this is the first report describing the metabolic consequences of VASER abdominal liposuction in males.
Material and Method

Participants
Participant recruitment for the research was carried out between March 2012 and December 2015. Seventeen overweight male patients aged 37.15 ± 9.60 years, who comprised a relatively homogenous study group, participated in the study. Participants were weight-stable in the 3 months preceding the procedure. For the parallel control group (n = 10), normal-weight healthy voluntaries aged 35 ± 6.70 years were recruited. Study participants were in apparently good state of health and underwent prestudy screening by standard physical examination and routine clinical laboratory tests. All patients gave their written consent for participation in the study which was conducted with the approval of the Ethical Committee. The exclusion criteria were based on the presence of any of the following: female sex, obesity, hypertension, hypercholesterolemia, acute cardiovascular event within past 6 months, surgery within past 6 months, acute infection or allergic reaction within past 4 months, chronic inflammatory disease, neoplasm, renal and/or hepatic failure. Hypertension was recognized according to patient's medical history or when blood pressure averaged from three readings was systolic blood pressure ≥140 mm Hg and/or diastolic pressure ≥90 mm Hg (Whitworth & World Health Organization, International Society of Hypertension Writing Group, 2003) . Six patients had confirmed diabetes type 2. Diabetes was defined, according to American Diabetes Association recommendations, as fasting glucose ≥126 mg/dL and/or glycated hemoglobin (HbA1c) level 6.5% or higher (American Diabetes Association, 2015) and patient's medical history. All of the diabetic patients enrolled in the study (n = 6) presented with relatively well-controlled diabetes type 2 (mean HbA1c level 7.8 ± 1.1%) on oral agents. Five patients were treated with metformin and one with a combination of metformin and sulfonylureas. No specific supportive lifestyle intervention was implemented after surgery and the patients, as well as controls, based on the classification proposed by Pate et al. (1995) were classified as being moderately active (3-5 MET, approximately 145 minutes/week). The daily exercise, living habits, and nutritional behavior of the controls were similar to the study group.
Liposuction Procedure. Using VASER System, UAL with tumescent local anesthesia technique was applied onto the deep adipose tissue, below the superficial subdermal fascia of the abdominal region. Local anesthesia was combined with IV monitored mild sedation and analgesia (using nonsteroid anti-inflammatory drugs and opioids). Access incisions were 3 mm to 4 mm in length and wetting solution containing lidocaine at the total dose limited to 35 mg/kg and epinephrine was infused. After infiltration of the desired areas, ultrasound probes were used for ultrasound action and low-pressure suction of the liquid fat was performed. The amount of infused tumescent infiltrate was 4200 ± 771 ml. For each 100 ml of tumescent solution infused approximately 70 ml was aspirated, of which the mean volume of supranatant fat was 2208 ± 562 ml. The mean volume of total aspirate including fat, wetting solution, and blood was 2945 ml (range from 2200 ml to 3520 ml).
The surgery was done as an outpatient. Before being discharged all patients were monitored for 2 hours in the recovery room and no surgical complications were observed.
Data Collection
The following anthropometrical measurements were obtained: body weight (BW) and waist circumference (WC; measured at the end of gentle expiration with a plastic tape midway between the lowest rib and the iliac crest with the participant standing). Body mass index (BMI), defined as weight (kg) divided by the square height (in meters), was calculated at the time of blood samples collection. To eliminate the confounding effects of postsurgical inflammation and to evaluate delayed metabolic effects of liposuction, fasting blood was collected three times: the morning of the surgery (Collection 1-just before surgery), within 1 to 2 months after liposuction (Collection 2), 6 and more months after liposuction (Collection 3). The percentage of hemoglobin A1c (HbA1c) was determined by immunoturbidimetric method. Fasting serum insulin (HI-14K Human InsulinSpecific RIA, Merck) and glucose (hexokinase methodology, Reflotron system) concentrations were measured and insulin sensitivity was calculated using free software updated model Homeostasis Model Assessment2 provided by The University of Oxford Diabetes Trial Unit. Leptin level was assessed using DRG Leptin ELISA Kit (No cat. EIA-2395), soluble receptor for leptin using DRG Leptin Receptor (human) ELISA Kit (No cat. EIA-3527), and adipnectin by DRG Adiponectin ELISA Kit (No cat. EIA-4177).
Statistics
The Student's t and Cochran Cox tests were used for calculations of descriptive statistics. The results were quantitative; thus, the variables were described using an arithmetic mean and standard deviation as the numerical data had normal distribution (checked with the Kolmogorov-Smirnov test). The one-way analysis of variance with repeated measures was used to compare one quantitative variable with normal distribution at three points of time. When analysis of variance showed significance, the post hoc Tukey's honestly significant different test was applied to indicate which measurements tested in three time points of the study were significantly different. For data not normally distributed, Friedman's nonparametric test was used for comparison of repeated measured values over the study period at the three time points, followed by the Dunn's post hoc test to detect differences between each time point. Pearson's linear correlation coefficients were calculated to assess associations between variables with normal distribution. For the variables not normally distributed, the Spearman rank correlation method was used. The level for statistical significance was p ≤ .05 throughout the study.
Results
Patient baseline data are shown in Table 1 . The control group in this study was used to evaluate the baseline validity of tested parameters. According to the World Health Organization (2009), BMI classification guidelines controls were lean and patients were overweight. Compared with controls, patients had higher baseline insulin (p = .017), lower insulin sensitivity %S (p = .042), higher IR (p = .041), higher adiponectin (p = .042), higher leptin (p = .004), and lower soluble leptin receptor (SLR) concentrations (p = .025). Patients and controls were weight-stable in the 3 months preceding the procedure and controls did not show further reduction of BW, BMI, and WC in the 6 months after surgery. Significant differences within the study group were also identified when diabetics versus nondiabetics were compared. The diabetic group was more insulin-resistant, as evidenced by higher IR values (IR above 4.0, p = .022), had greater baseline insulin which was above reference range (Chevenne, Trivin, & Porquet, 1999) , and lower adiponectin levels (p = .037). There was no significant difference in leptin and SLR concentration between both treatment groups at study entry. Correlations of BMI, WC, insulin, adiponectin, leptin, and insulin sensitivity %S are presented in Table 2 . Insulin sensitivity was negatively correlated with BMI, WC, and insulin concentration in all patients and positively with adiponectin in diabetics. When the estimates between three time points Note. BW = body weight; BMI = body mass index; %S = insulin sensitivity; ns = not significant; IR = insulin resistance; SLR = soluble leptin receptor; DP = diabetic patients; NDP = nondiabetic patients. Data are presented as means ± SD. p < .05 was considered significant.
of the study were analyzed (Table 3 ; also see Table 4 .), significant improvement was identified in insulin sensitivity at 1 to 2 months follow-up and this change persisted over the next 4 months in all patients, but not in the controls. The level of glycated hemoglobin (HbA1c) in diabetics declined significantly within the study period, but the decline was significant 6 months after surgery. Both treatment groups experienced postsurgical weight reduction with concomitant lowering of BMI value at 1 to 2 months follow-up, which was sustained after 6 months from surgery. At the same time, no changes in adipokines and SLR were observed.
Discussion
The current study's descriptive data show that in overweight insulin-resistant patients, when compared with insulin-sensitive nondiabetic individuals, serum adiponectin differs and is lower, whereas leptin level is similar. As described by others, higher levels of insulin in insulinresistant patients may down regulate adiponectin secretion (Balsan, Vieira, Oliveira, & Portal, 2015; Mohlig et al., 2002) and, even though correlations do not necessarily imply causation, observed in the current study's diabetics, positive correlation between adiponectin and %S seems to confirm this association. Regarding serum leptin, the current results support previous studies reporting a strong link between leptin and adiposity (Ayina et al., 2016; Considine et al., 1996) -leptin was positively correlated with BMI and both studied groups represented similar BMI, therefore, baseline leptin did not differ between them. The difference, as expected, was significant for both adipokines and insulin when overweight patients were compared with lean controls. It is evident that abdominal obesity is a primary risk factor for IR and diabetes type 2 (Després, 1993) . In this study, %S negatively correlated with BMI, WC, and insulin level. One of the explanatory theories states that increased depots of abdominal fat is linked with IR when subcutaneous adipose tissue (SAT) is overloaded with triacylglycerols and the buffering capacity for lipid storage in adipocytes is decreased (Patel et al., 2013) . Consequently, high amounts of free fatty acids are released to the circulation adversely affecting insulin action (Boden, 2001) . Although a large body of data links IR with increased depots of visceral adipose tissue (VAT) (D.L. Chen, Liess, et al., 2015; Després, 1993) , the importance of the site of abdominal fat accumulation in relation to insulin sensitivity is still a matter of debate. A number of authors suggest that deep layers of SAT are functionally similar to VAT and the amount of deep abdominal SAT is strongly related to IR in a manner nearly identical to that of visceral adiposity (Kelley et al., 2000; Kim et al., 2016) . Moreover, individuals with larger adipocytes in SAT may have a lower capacity for further lipid storage, so the subsequent excesses of fat may be stored in VAT, liver, and skeletal muscle, which in turn results in worsening of insulin action and glucose tolerance (Danforth, 2000) . In the current study, removal of deep depots of SAT by UAL improved insulin sensitivity in both overweight diabetic and nondiabetic male patients ( Figure 1 and Figure 2 ). The effect was significant after 1 to 2 months of stable BW postliposuction and noted as a substantial and sustained at a later time. Additionally, improvement of insulin sensitivity resulted in better glycaemic control expressed by a significant decline of HbA1c at a third time point of the study in diabetic patients and of six diabetic patients, two reported slight dose reduction of daily oral agents within follow-up. This supports the hypothesis that deep subcutaneous abdominal adipose tissue is associated with IR and the current finding is in accordance with previous reports demonstrating that liposuction modulates insulin sensitivity (Giugliano et al., 2004) with a beneficial effect that may persist over months from surgery (Giese, Bulan, Commons, Spear, & Yanovski, 2001; González-Ortiz et al., 2002) . The impact of physical activity cannot be completely excluded. However, the current study's patients reported to be moderately active before surgery and they maintained their activity at the similar level after surgery. No specific supportive exercise program was implemented. Moreover, as reported by Note. VASER = Vibration Amplification of Sound Energy at Resonance; BW = body weight; BMI = body mass index; ns = not significant; %S = insulin sensitivity; IR = insulin resistance; SLR = soluble leptin receptor; DP = diabetic patients; NDP = nondiabetic patients; ANOVA = analysis of variance; HSD = honestly significant difference; 1 = variable measured before liposuction; 2 = variable measured 1 to 2 months after liposuction; 3 = variable measured at least 6 months after liposuction. Data are presented as means ± SD. .045 (ANOVA)
.018 (Tukey's HSD)
.032 (Tukey's others (Kriketos et al., 2004; Miyatake et al., 2004) , regular exercise increases secretion of adiponectin and reduces secretion of leptin. In the current study, comparing pre-and postoperative periods, no significant changes in these adipokines were noted. Leptin, a modulator of energy intake and expenditure, is produced primarily by adipose tissue. White adipose tissue presents as the major site of its synthesis and leptin mRNA levels have been found to be higher in SAT than in VAT. Moreover, only subcutaneous leptin production correlates with its circulating levels (Van Harmelen et al., 1998) . It has been postulated that liposuction, by decreasing adiposity, could possibly restore leptin level from high to normal and initiate metabolic changes normalizing its peripheral signaling pathways. This phenomenon was noted in the populations of obese patients with at least second class of obesity (BMI > 35) when higher baseline leptin level is often related to leptin resistance (Busetto et al., 2008; Klein et al., 2004) . High total leptin level is associated with low SLR concentration in obese patients, as an adaptive response in order to increase the availability of active (free) leptin, and leptin appears to reciprocally regulate its own binding protein (Chan et al., 2002 ). In the current study's overweight population, both leptin and SLR concentrations did not change but the improvement of insulin sensitivity was significant and sustained over 6 months from surgery. A number of data demonstrate stimulatory effect of insulin on leptin secretion and leptin gene expression in adipocytes (Z. L. Chen, Shao, et al., 2015; Wabitsch et al., 1996) . Although the exact mechanisms are not yet fully understood, this stimulation is unlikely to be due to a direct effect of insulin per se, but it seems to be secondary to the effect of insulin to stimulate glucose uptake and metabolism in adipocytes (Mueller et al., 1998) . Thus, the authors dispose toward the following hypothesis: An improvement in insulin sensitivity with concomitant increase in glucose transport might possibly affect leptin secretion, preventing it from dropping due to the removal of excess fat in overweight males. Another possibility is that after liposuction, the endocrine white adipose tissue activity in nonobese male population is kept at the level to maintain body's response to almost unaltered energy balance, since the current study's patients did not show further reduction of body mass in the 6 months after surgery. The latter explanation could also refer to postoperative adiponectin in this experiment. Contrary to the studies describing that diminished resistance to insulin is associated with significant increase in adiponectin concentration (Fasshauer, Klein, Neumann, Eszlinger, & Paschke, 2002) , the authors have found an uncoupling between changes in insulin sensitivity and adiponectin levels after VASER abdominal liposuction in overweight males. As shown by others, reduction in FC size that occurs in response to dietary and/or exercise intervention corresponds to changes in circulating adipokines (increased adiponectin and decreased leptin; Bahceci et al., 2007; Varady, Tussing, Bhutani, & Braunschweig 2009 ). Removal of subcutaneous fat by liposuction is a procedure that lowers the number of FC, not their size, whereas hypertrophy of FC is inversely correlated with serum adiponectin (Hoffstedt, Arvidsson, Sjölin, Wåhlén, & Arner, 2004; Meyer, Ciaraldi, Henry, Wittgrove, & Phillips, 2013) and positively with expression of leptin (Jernås et al., 2006) . Even though the current study cannot clearly determine the reason why liposuction did not change adipokine levels, it seems to be logical that the type of intervention, which was different than exercise and/or diet, must play a role.
Several limitations of the current study need to be acknowledged. First, although the study group was homogenous (overweight male patients, similar lifestyle, and nutritional habits), the authors admit that their observations are restricted to a relatively small number of study participants, so any interpretation should be made with caution. Second, the authors understand that the interplay among insulin, leptin, and adiponectin is a matter of complex processes and it is possible that unmeasured parameters, for example, body fat distribution and activity using imaging techniques, blood lipid profile, or metabolic rate, may account for the changes observed. Last, although the authors report improvement in insulin sensitivity and no change in fasting adipokines, the study was not designed to establish causality between these findings. However, the authors believe that the results may serve as a good starting point for the next experiments evaluating mechanistic insights to investigate this process in detail.
In summary, the main finding of the present study is that in overweight male patients, VASER liposuction removing deep depots of SAT changes insulin level and improves insulin sensitivity. Both overweight diabetic and overweight nondiabetic males may benefit from this surgical procedure.
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